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LETTER OF SUBMITTAL

DECE-BER 29, 1958.
lion. JoHN W. MCCORMACK,

Majority Leader, Chairman, Select Committee on Astronautics
and Space Exploration.

DEAR MR. CHAIRMAN: There is forwarded herewith for your con-
sideration and submittal to the Congress a special staff report, Astro-
nautics and Its Applications, prepared in accordance with the policy
guidance of the committee, under our direction and with the editorial
assistance of the committee staff.

A real need has been felt for an authoritative study in lay terms
which would set forth clearly the present and definitely foreseeable
state of the art of space flight. The committee, after careful consid-
eration of alternatives, requested The RAND Corporation of Santa
Monica, Calif., to undertake such a study. Under contract with the
United States Air Force, RAND scientists and engineers have been
in the forefront of objective investigation of such problems since
World War II. RAND's reputation for integrity and independence
particularly commended this nonprofit organization to our attention.

The report which follows, tailored to the needs of the Congress and
the public, represents the most comprehensive unclassified study on
the subject now available. The report is confined to technical and
scientific analysis, avoiding expressions of opinion on policy and ad-
ministrative matters. It studiously avoids borderline speculative
judgments on the pace of future development. Such a forward look,
tentative though it may be, is provided by a separate staff study on
the next 10 years in space. The two studies therefore complemnent
each other.

Our particular thanks are due to Dr. Robert W. Buchheim and his
associates at RAND for the combined speed and care with which they
produced this report. George II. Clement of RAND did a commend-
able liaison job in translating our wishes and in smoothing the way
at every stage. The work of preparing this report was undertaken
by The RAND Corporation as a part of its own research program in
the public interest. This is based on their Report No. RM-2289-RC,
copyright 1958 and reproduced here by permission.

Any views expressed do not necessarily conform to those of the
United States Air Force, this committee or any member of the
committee.

GEORGE J. FELDMAN,
Director and Chief Counsel.

CHARLES S. SH.LDON II,
As8istant Director.
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Mr. McCoRMCK. Chairman of the Select Committee on Astronautics
and Space Exploration, submitted the following

STAFF REPORT

[Pursuant to I1. Res. 49W (85th Cong.)]

PART I. INTRODUCTION

1. I NTIRODUCTION

A. HISTORICAL NOTES

The early history of space flight is really the history of an idea
deeply imbedded in the general stream of developm.int of human
thought about the nature of the universe. The notion of flight to
the Moon followed almost instanteously upon the arrival of the idea
that the Moon might be another solid sphere akin to the earth. The
evolution of these speculations from ancient times is treated in a
fascinating manner by Willy Ley, an acknowledged historian of
astronautics.1

The first glimmer of a chance to convert fanciful notions of extrater-
restrial flight into an idea with engineering significance came with
the invention of the rocket.

The first applications of rocket propulsion were, with little doubt,
military, androckets have had a long and varied career in military
service, mostly as on-and-off rivals of artillery.

The current feasibility of space activities is clearly the product of
modern weapons developments, the first substantial step having been
taken in the German V-2 program.' This beginning has been greatly
extended in the IRBM and ICBM programs in the United States and
the Soviet Union.

I Ley. W.. Rockets, Missiles, and Spare Travel, the Viking Press, Inc., New York, 1957.
2 Dornberger, W. a. V-2. the Viking Press, New York, 1954.

1



2 ASTRONAUT 4 S AND ITS APPLICATIONS

For most of their long' history, military rockets were viewed as
"gunless artillery" and estimates of their merits were based on com-
parisons of the performance with that of competing artillery pieces.
Only rather recently have rockets been looked upon as devices applica-
ble to a class of activity far removed from anything achievable by
artillery projectors; they are now more nearly rivals or companions of
long-range bomber aircraft.

It is interesting to note that Maj. J. R. Randolph, an officer of the
United States Army Reserve, deduced 20 years ago that the rocket has
2 likely applications: as gunless artillery, and for bombardment over
intercontinental ranges.8 His assessment, with respect to the applica-
tion now labeled "ICBM," was based on data developed by investiga-
tors interested in interplanetary flight.

Major Randolph also suggested the possibility of using large liquid-
propellant rockets of ICBM class as boosters for manned interconti-
nental bombing vehicles-a notion now being implemented in the
Dyna-Soar program. These ideas about rockets are a strikingly good
broad outline of the more detailed program developed at Peenemininde
for extension of German rocket development to intercontinental
scope.4 5 There have been suggestions that this general theme has also
been operative in U. S. S. R. development planning.'

Military and peaceful application of rockets was pioneered in the
United States by Dr. Robert Goddard, who was in charge of War
Department rocket work during World War I. Dr. Goddard ad-
vanced the state of the rocket art in many ways in the twenties and
thirties, and saw the great potential for scientific experimenatation
inherent in rocket propulsion as a means of reaching altitudes other-
wise unattainable.'

The principal early work in the technological field of space flight
was done in Russia, Germany, and the United States. The chief
United States effort was that of Goddard. The early German work
was done by H. Oberth, beginning in the 1920's. Russian efforts com-
menced at a substantially earlier date, giving them a clear and valid
claim to a "first." Russian activity began with the work of
Mescherskii and Tsiolkovskii near the end of the 19th century?
Tsiolkovskii is generally recognized as the father of astronautics.
Considerable work, both theoretical and experimental, was accom-
plished in the U. S. S. R. in the 1920's and 1930's.

Serious and substantial Government-sponsored rocket-research pro-
grams were established in Germany in about 1930 in the Soviet Union
sometime in or before 1934, and in the United States in 1942. The
astronautical activities of the United States and the U. S. S. R. will
be discussed in greater detail below.

IRandolph, Maj. J. R., What Can We Expect of Rockets? Army Ordnance, vol. XIX,
No. 112, Januarl-February 1939.

* See footnote 2p 1.
'Doroberger, W. R., The Lessons of Peenemtnlde. Astronautics. vol. 8, No. 8, March1958. p. 18.5 See footnote 5.
' Goddard R. H., A Method of Reaching Extreme Altitudes, Smithsonian Institution

publication No. 2540, 1919.5 Krieger, P. J., A Casebook on Soviet Astronautics, The RAND Corp Research Memo-
,andum RM-1760, June 21, 1956 ; A Casebook on Soviet Astronautics-&art II, RM-1922,

June 21, 1957.
* Krieger, F. J., Behind the Sputniks: A Survey of Soviet Space Science, Public Affairs

Press, Washington, D. C., 1958.
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B. GENERAL NATURE OF ASRONAUTICS

Even in its present early and uncertain state, astronautics can be
seen to have important implications for a very wide variety of human
activities.

In tile most immediate and practical sense, astronautics is a very
large engineering job. Equipments and facilities, often requiring
substantial advances over current practice, must be designed and
built. Severe environmental conditions and demands for high re-
liability over very long periods of essentially unattended operation
will require uncompromising dhoroughness and extensive testing.
Bold imagination and painstaking attention to detail must be the
twin hallmarks of engineering for space flight.

Engineering action can be founded on y on scientific knowledge.
The scientist must support the engineer with adequate data on the
many aspects of space environments, and with a growing body of
fundamental knowledge. As a primary end product, astronautics can
furnish unparalleled new opportunities to the scientist to explore and
understand man and his universe. Space vehicles can carry the
scientist's instruments-and eventually the scientist himself-to
regions otherwise not accessible to gather information otherwise un-
attainable. The life sciences are presented with two particularly
challenging facets of astronautics: the problem of maintaining hunman
existence outside the narrow living zone at the earth's surface, and
the possibility of encountering living things on other planets.

The departure of man and his machines from the very Earth itself
is bound to have a profound influenice on humi n thought and the
general view of man's place in the scheme of things. His findings on
other worlds can be expected to influence the broad development of
philosophy to a degree comparable to that resulting from the invention
of the telescope, whereby man discovered that he was not actually
the center of the universe. Perhaps astronautics will show man that
he is also not alone in the universe.

These and other aspects of the revolutionary nature of extra-
terrestrial exploration have prompted serious theological discussion.
Implications of space flight with respect to Christian principles are
matters of lively interest. As early as September 1956, Pope Pius
XII formally stated that space activities are in no way contradictory
to Church doctrine.10

The statesman, endeavoring to promote world peace, can see both
a hope and a threat in astronautics. International cooperation in
space enterprises could help to promote trust and understanding.
Astronautics can provide physical means to aid iiternational inspec-
tion and, thereby, can help in the progress toward disarmament and
the prevention of surprise attack. Astronautics can also lead to mili-
tary systems which, once developed and deployed, may make hopes of
disarmament, arms control, or inspection immeasurably more difficult
of realization.

International cooperation in astronautics is imperative simply as a
matter of efficiency. Scientific space exploration cannot reasonably be

"to Address of Pope Plus XII to the International Astronautical Congress, Castel Gandolfo,
September 20. 1956. See L'Osservatore omanao, September 22. 1956.
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done in isolated national packages. The long history of istronomy as
an international science clearly demonstrates the point. Observation
of natural celestial bodies, which (as viewed from the Earth) are per-
manent and relatively slow moving, has required the closest kind of
international collaboration. The observation (not to mention creation
and retrieval) of artificial celestial bedies, transient and fast moving
will place even heavier, more urgent, demands on international
cooperation.

There is also obvie ous need for international cooperation in such mat-
ters as agreement on radio frequency allocations for space vehicles; and
on rights of access to, and egress from, national territories for recovery
of vehicles, particularly in cases of accidentally misplaced landings of
manned vehicles.

Astronautics raises substantial questions of law, both international
and local. The important issues of international agreement on space
access and utilization must be afforded the most thoughtful sort of at-
tention. Legal factors of a more conventional nature are also inherent
in astronautics. Large tracts of real estate will be required for opera-
tions and testing, for example. The physical needs of astronautics are,
therefore, a matter of important concern also to the civic planner-
somewhat in the manner of airports and marine facilities.

Astronautics is inherently a high-cost activity that will clearly have
an important impact on Government expenditures, taxes, corporate
profits, and personal incomes. It may for the future, hold consider-
able promise of substantial economic benefits-astronautics is an en-
tire new industry.

In astronautics lies the possibility of improved performance in im-
portant public and commercial service activities; weather forecasting,
aids to navigation and communication, aerial mapping, geological sur-
veys, forest-fire warning, iceberg patrol, and other such functions.

For national security and military operations astronautics holds
more than new means for implementing standard operations like re-
connaissance and bombing. It suggests novel capabilities of such mag-
nitude that entirely new concepts of military action will have to be
developed to exploit them. As an obvious parallel, airplane technology
has come a long way since Kitty Hawk; but the military thinking that
determines the role of aircraft in national arsenals has also come a very
long way indeed. A similar companion development of technology
and military concepts can be expected to occur in astronautics also-
but we can no longer afford the comparatively leisurely pace of adjust-
ment that characterized the thinking about aircraft.

Astronautics has another important military dimension if "military"
is interpreted in the broad sense of an organized, trained, and disci-
plined activity. It is hard to conceive of space exploration efforts
such as manned voyages to Mars, involving many months of hazard
and hardship, being undertaken by any lut a "military" type of
organization.

Astronautics is the sort of activity in which anyone can find means
for satisfying personal participation. The work of amateurs in opti-
cal and radio observation of satellites has already been of great value,
and there is no reason to believe that amateur activities in astronautics
will not take up a place alongside and within such vigorous hobbies
as amateur radio and amateur astronomy.
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Astronautics is bound to have an important impact on education.
The broad nature of the problems to be faced will require not only
specialists, but minds trained to cut across and exploit various classical
disciplines.

C. CURRENT STATE OF SPACE TECHNOLOGY

The physical assets of the United States and other countries in astro-
nautics now reside in large measure in military activities. More spe-
cifically, these current assets lie mainly in ballistic-missile programs.

The space flight capabilities that can be built on ballistic-missile
assets are very extensive, indeed. The greatest of these are derivable
from ICBM hardware. Adaptation of these vehicles to accommodate
specially developed additional equipment will permit such achieve-
ments as the following:

(a) Orbit satellite payloads of 10,000 pounds at 300 miles
altitude.

(b) Orbit satellite payloads of 2,500 pounds at 22,000 miles
altitude.

I ) mpact 3,000 pounds on the Moon.
Land, intact, 1,000 pounds of instruments on the Moon.

e) Land, intact, more than 1,000 pounds of instruments on
Venus or Mars.

(f) Probe the atmosphere of Jupiter with 1,000 pounds of
instruments.

(g) Place a man or men, in a satellite orbit around the Earth
and recover after a Yew days of flight.

All of these and other feats can be accomplished by starting with
basic rocket vehicles now in development in this country. None, how-
ever, will come from the ballistic-missile programs directly. All re-
quire additional work of a very substantial nature. With diligence
and reasonable luck, the overall rocket machinery necessary to attempt
any of these flights could be available in a few years-probably less
than five. Rocket capabilities of roughly the same order can reason-
ably be assigned to the U. S. S. R. in this period also-perhaps more."1

At some point in the next 5 years the effect of larger engine develop-
ments should make itself felt; so we can already look forward to the
day when the payloads listed above will be 5 to 10 times greater.

These basic vehicle capabilities reflect the status of (a) chemical
propulsion systems (mainly systems using liquid oxygen and kero-
sene) ; (b) vehicle structural materials, design techniques. and fabrica-
tion methods; and (c) vehicle flight stabilization (autopilot) methods.
Much remains to be done in these fields, but a solid footing has been
established.

Other fields, in various states of advancement, must also be consid-
ered, however, to obtain a full view of our current standing.

While knowledge of the space environment is uncertain in many
respects, no important barriers stand in the way of unmanned flights.

11 It Is not at all likely that the 3,000 pounds of Sputnlk ill is the limit of currently active

Soviet rockets. Since the first Soviet ICBM firing was claimed In August 1957, It I. rather
clear that really extensive testing could not have taken place by the time Sputnik IllI was
put Into final assembly. It should be noted in thi@ connection that various development
versions of Atlas have moved progressively up the range scale as testing has proceeded.
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So far as manned flight is concerned, no such definite statement can be
made--partly because the requirements for human survival are much
more severe than for instruments, partly because instrument flights
can be one way while manned flights must be round trips, and partly
because the human risk attached to mistakes is great for manned flight.

Accurate guidance of space vehicles over interplanetary ranges may
require improvement in current knowledge of basic astronomical
constants.

Performance of current guidance and navigation equipment is prob-
ably adequate for most satellite and lunar flight missions, but prob-
ably not at all adequate for flights to the planets.

Systems to control the orientation of space vehicles during free
flight are (except for spin stabilization) in the untested and uncertain
category.

Communication between space vehicles and Earth stations is rather
easy to maintain in satellite or lunar fliglits. Communication as far
as Mars seems reasonably well in hand, Eut at much greater distances
current possibilities become questionable.

Observation and tracking of vehicles will also be comparatively
easy on satellite and lunar flights, and possible, with decreasing pre-
cision, to about the same ranges that apply for low-capacity communi-
cation systems-Venus and Mars, or beyond--with today's technology.

Atmospheric penetration techniques based on ballistic-missile re-
entry developments are adequate for nondestructive landings of instru-
ments on Earth, Mars, or Venus. Methods are available for with-
standing the shock of actual contact with planetary surfaces, or the
surface of the Moon.

Internal power sources now available are probably adequate for low-
power applications over extended periods, or for short-life operation
at moderate power levels. Sources suitable for large amounts of
power over long periods of time are yet to be developed. Supply of
internal power is one of the major problem areas.

A problem area that cannot be overemphasized is that of reliability.
It is utterly meaningless to talk about flights to Mars if the equipment
to be sent there has no reasonable probability of continuing to work for
the duration of the flight and for a useful period after arrival. Keep-
ing modest amounts of equipment working, unattended, for many
months is possible, but it requires good knowledge of the environment,
careful design, and extensive testing.

Electrical propulsion systems that can provide continuous thrust
in the space environment are being investigated. All of these require
extremely large amounts of electrical power-thousands of horse-
power-so that the already important problem of internal power
supply is made even more prominent by consideration of such devices.
Until one of these electrical propulsion systems is developed, all flights
in space will be unpowered ballistic flights, with perhaps occasional
spurts of corrective thrust from conventional chemical rockets.

The broad needs for sustained manned flight in space can be stated
rather simply: Large launching rockets, extensive and highly reliable
space-vehicle equipments a great deal of experimentation and study,
and, above all, actual fight trials in manned satellites or similar
vehicles.
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D. ACTION CONSIDERATIONS

A brief appreciation of the above remarks on technological status
would be just this: Large-scale space exploration is imminently fea-
sible with the beginnings now in hand; its actual accomplishment
still requires a great deal of work.

The value of a vigorous space program-and the urgent need for
one-rests on many considerations, including moral, economic, scien-
tific, defense, and international cooperation. The various objectives
pertinent to these areas are closely related in themselves and in the
kind of devices needed to implement them. A class of device that is
"scientific" when it is originally planned may be "military" when it
becomes a reality, and vice versa. There are, of course, always dis-
tinctions that can be drawn on the basis of primary intent. This is
a matter of human choice-the machinery itself may not be changed
much by shifts in intended purpose.

In trying to assess the value of a given space effort it is important to
recall that new devices and methods must be examined not only for
what they can do better than existing devices, but also for what they can
do that now cannot be done at all. It is quite likely that astronautical
devices will be found to be very poor competitors for many current con-
ventional devices; much of the payoff is likely to lie in the doing of
new kinds of things through ast-onautics. Practical realization of
these payoffs is dependent upon our recognizing the unique capabilitiesin the field and developing (inventib, perTiaps) the applications
that make them useful. This is true in aMl the possible areas of interest.
A space weapon will make no real contribution to national defense
unless it is accompanied by a clear concept of useful employment-an
innovation in military science must be sought in some cases. The
, 'Iysical capability for worldwide live television by satellite relays
is a hollow thing without a complex of planning and agreements that
put suitable receiving sets in the homes on the ground and attractive
program material into the transmitter. The opportunity to put sci-
entific instruments into space is of only minor importance if it is not
adequately supported by attention to basic theory and laboratory re-
search an the ground.

Some of the unique opportunities that seem to hie in astronautics that
are of obvious importance include the following:

Carry scientific instruments out of the atmosphere and avay
from the Earth's magnetic field to permit greatly improved ob-
servations of remote regions of space, to advance basic under-
standing of some of the great fundamental questions about the
nature of the universe and its large-scale tprocesses.

Carry scientific instruments, and eventually people, to the
planets and other bodies in the solar system for direct exploration
of their physical nature and, perhaps, indigenous life forms.

Permit studies of behavior and evoltion of terrestrial biolog-
ical specimens in environments grossly different from that on
Earth.

Enhance understanding of the physical properties of the Earth
by viewing it from the vantage point of space to supplement sur-
face observations.



PART II. TECHNOLOGY

2. SPACE ENVIRONMENT

A. THE SOLAR SYSTEM

The salient known physical data on the principal objects of interest
in the solar system are given in table 1. Many other, more detailed,
characteristics of the planets such as the eccentricities and inclinations
of their orbits, the inclination of their axes, their densities, albedoes,
etc., are available in standard books on astronomy.

For a general appreciation of the environment of space travel the
following characteristics of the solar system should be noted:

All of the nine planets move around the Sun in the same direc-
tion on near-circular orbits (ellipses of low eccentricity).

The orbits of the planets all lie in nearly the same plane (the
ecliptic). The maximum departure is registered by Pluto, whose
orbit is inclined 170 from ti ecliptic.

One astronomical unit (a. u.), the mean distance of the Earth
from the Sun, is 92,900,000 miles in length. The diameter of
the solar system, across the orbit of its remotemst member (Pluto),
is about 79 a. u., or 7,300 million miles.

The four inner planets-Mercury, Venus, Earth, and Mars-
are relatively small, dense bodies. These are known as the
"terrestrial" planets.

The next four in distance from the Sun-Jupiter, Saturn,
Uranus, and Neptune-sometimes called the major planets or the
giant planets, are all relatively large bodies composed principally
of gases with solid ice and rock cores at unknown depths below
the visible upper surfaces of their atmospheres. Little is known
about Pluto.
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The general disposition of planetary orbits is illustrated in
figure 1.

TABLE 1.-Phy8ical data on principal bodies of solar syatem

Mean Intensity
distance Gravita- of sun-

from Sun Mass tional light at
(Earth's (Earth's Diameter force at mean Length Length Num-

Body distance mass (st. ml.) solid distance of day of year her of
equals equals surface (Inten- moons
1.00, or 1.00) (g.'s) sity at
1 a. u.) Earth=

1.0)

Sun -----------------.--------- 329, 000 864,0000 (1) ----------.............................
Mercury ------------ 0.39 -. 05 3,100 -. 0.3 6.7 88 days.. 88 days.. 0Venus ----------- _--- -. 72 .82 7, 500 .91 1.9 (?) ...... 225 days. 0
Earth ............... 1 1 7,920 1.00 1 24hours. 30 days. I
Mars ................ 1.52 .11 4,150 .38 .43 24.6 1.9 years. 2

hours.
Jupiter -------------- & 2 317 87,000 (2) .037 10 hours 12 years. 12
Saturn----- --------- 9.5 95 71,500 (2) .011 .do ----- 29 years. i
Uranus -------------- 19.2 15 32,1000 (2) .0027 11 hours- 84 years. a
Neptune ------------ 30 17 31,000 (2) .001 if hours, 15 2

years.
Pluto ---------------- 39 .8 (?) (M) .0006 (?) ..... 248 0 (7)

years.
Moon -----.--------- L 00 .012 2,160 .17 1 27 days ............ 0

I No solid surface.
I Locetion of solid surface (below the thousands of miles depth of dense atmospheric gases covering these

planets) Is not known; hence, surface gravity figures are meaningless for the 4 giant planets.
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B. TIlE SUN

In astronomical terms, the Sun is a "main sequence" star of spectral
type G-zero with a surface temperature of about 11,0000 F.1 Although
a medium-small star, it is over a thousand times as massive as Jupiter,
and over 300,000 times as massive as the Earth. Its energy output,
as light and heat, is extremely constant, probably varying no more
than about 0.5 percent from the average value.' However, it is much
more variable in its production of ultraviolet radiation, radio waves
(solar static), and charged particles. At infrequent intervals, ex-
tremely intense solar outbursts of charged particles (cosmic rays)
have been observed. The most recent of these outbursts, which oc-
curred on February 23, 1956, and lasted about 18 hours, resulted in
a peak intensity of ionizing radiation above the atmosphere estimated
at about 1,000 times the normal value.'

All usable forms of energy on the Earth's surface, with the excep-
tion of atomic and thermonuclear energy, are directly or indirectly
due to the storing or conversion of energy received from the Sun.

C. THE PLANETS
Mercury

The planet closest to the Sun, Mercury, is difficult to observe because
of its proximity to that body; hence, our knowledge of its physical
characteristics is less accurate than for some of the other members of
the solar system. Mercury has no moon, and its mass is not known
with precision, but is of the order of one-twentieth that of the Earth.
This much is known, however: It is a small rocky sphere, about half
again as large as the Earth's moon, and it always keel) the same side
turned toward the Sun. The sunlit half is thus extremely hot, prob-
ably having maximum surface temperatures as high as 7500 F., while
the side in perpetual darkness is extremely cold, cold enough to retain
frozen gases, with temperatures approaching absolute zero. Mercury
is not known to have any atmosphere, nor would a permanent gaseous
envelope be expected to occur under the conditions existing on the
planet. Its rocky surface is probably somewhat similar to that of
our Moon.
Venu8

Even less is known with confidence about the surface conditions on
Venus. Therefore, many statements about it are necessarily more
speculative than definitive. In dimensions and mass it is slightly
smaller than the Earth, but no astronomer has ever seen its solid sur-
face, since its dense and turbulent atmosplhere, containing white par-
ticles in suspension, is opaque to light of all wavelengths. Neither
free oxygen nor water vapor has been detected on Venus, but carbon
dioxide is abundant in its atmosphere, as determined by spectrographic
analysis of the light reflected from the upper reaches of its visible
cloud deck. On the basis of all the available evidence, it may be pre-
sumed that the surface of Venus is probably hot, dry, dusty, windy,
and dark beneath a continuous duststorm; that the atmospheric pres-
sure is probably several times the normal barometric pressure at the

I Hogle, . Frontiers of Astronomy, Harper & Bros.. New York, 1955.
o Rorts, W 0., The Physics of the Sun the Second International Symiposum on the
lPeysic and Medicine of the Atmosphere ana Space, San Antonio, Tex., November 12, 1958.

s Schaefer, H. J., Appraisal of Cosmic-Ray Hamards in 10Htra Atmospheric Flight, Vista@
in Astronautics. Pergamon Press. 195b.
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surface of the Earth; and that carbon dioxide is probably the major
atmospheric gas, with nitrogen and argon also present as minor con-
stituents.'
Mars

Much more complete information is available about Mars, but many
uestions about surface conditions still remain unanswered. With a
iameter halfway between that of the Moon and the Earth, and a rate

of revolution and inclination of Equator to orbital plane closely sim-
ilar to those of Earth, it has an appreciable atmosphere and its surface
markings exhibit seasonal changes in coloration. Its white polar caps,
appearing in winter and vanishing in summer, are apparently thin
layers of frozen water (frost) of the order of fractions of an inch to
several inches in thickness. The atmospheric pressure at the surface
has been estimated at 8 to 12 percent of Earth sea-level normal, and
the atmosphere is believed to consist largely of nitrogen. No free
oxygen has been detected in its atmosphere.' Nothing definite is
known about the presence or absence of marked differences in the
altitude of the terrain. The "climate" would be similar to that of a
high desert on Earth to an exaggerated degree (about 11 miles high,
in fact) with noon summer temperatures in the Tropics reaching a
maximum of perhaps 800 to 900 F., but falling rapidly during the
evening to reach a minimum before dawn of the order of -1000 F.
The interval between 2 successive close approaches of Earth and Mars
is slightly over 2 years. At opposition, that is, when the 2 planets
lie in the same direction from the Sun, the approximate distance
between Earth and Mars ranges from 35 million to 60 million miles.

Bleak and desertlike as Mars appears to be, with no free oxygen and
little, if any, water, there is rather good evidence that some indigenous
life forms may exist.

Tle seasonal color changes, from green in spring to brown in
autumn, suggest vegetation. Recently Sinton has found spectro-
scopic evidence that organic molecules may be responsible for the
Martian dark areas.6 The objections raised concerning differences
between the color and infrared reflectivities of terrestrial organic
matter and those of the dark areas on Mars have been successfully met
by the excellent work of Prof. G. A. Tikhov and his colleagues of the
new Soviet Institute of Astrobiology.' Tikhov has shown that arctic
plants differ in infrared reflection from temperate and tropical plants,
and an extrapolation to Martian conditions leads to the conclusion
that the dark areas are really Martian vegetable life.

Although human life could not survive without extensive local en-
vironmental modifications, the possibility of a self-sustaining colony
is not ruled out.
The giant planets

The four members of this group of planets (Jupiter, Saturn, Uranus,
Neptune) have so many characteristics in common that they may

'Dole. S. H., The Atmosphere of Venus, The RAND Corp.. paper P-978, October 12, 1956.
mKulper, G. P. (editor), The Atmospheres of the ,arth and Planets, the University of

Chicago Prese, Chicago, i1.,1952
'Sinton. W. U.. Further ]vidence of Vegetation on Mars, to be presented at the meeting

of the American Astronomical Society. OalnstnVlie. Fla., December 27 e0, 1958.STlkhov, . AA Is Life Possible on Other Planets? Journal of the British Astronomical
Association, voL do, No. 8. April 195. p. 193.
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well be treated together. They are all massive bodies of low density
and large diameter. They all rotate rapidly. Because of their low
densities (0.7 to 1.6 times the density of water) and on the basis of
spectral information, they all are thought to have a "rock-in-a-snow-
ball" structure; that is a small dense rocky core surrounded by a thick
shell of ice and covered by thousands of miles of compressed hydrogen
and helium. Methane and ammonia are also known to be present as
minor constituents.8 Because of the low intensities of solar radiation
at the distances of the giant planets, temperatures at the visible upper
atmospheric surfaces range from -200* to -3000 F. A number of
the satellites of Jupiter, Saturn, and Neptune are larger than the
Earth's moon, and some may be as large as Mercury. XIthough re-
liable physical data on these satellites are lacking, it is possible that
they might be somewhat more hospitable for space flight missions
than the planets about which they orbit.
Pluto

Almost nothing is known about this extreme member of the known
solar system except its orbital characteristics and the fact that it is
extremely cold, with a small radius and a mass about 80 percent that
of the Earth.

D. MOON

The Moon is about 240,000 miles from the Earth and its diameter is
about 2,160 miles, a bit more than one-fourth the diameter of the
Earth. The mass of the Earth is about 81.5 times that of the Moon.

The Moon has no appreciable atmosphere, and its surface is prob-
ably dry, dust-covered rock. On the basis of terrestrial experience
it would be expected that this rocky surface is far from uniform in
chemical composition and physical arrangement.

The face of the Moon is covered with many large craters, the ori-
gin of which is still a matter of debate. Mountains on the moon are
higher than those on Earth, presumably because they are free from
weathering. A Soviet astronomer recently reported observation of
an erupting volcano on the moon. Whether or not the observations
actually support the stated interpretation has been questioned by
some authorities.

E. ASTEROIDS

In addition to the planets and their moons there is a group of sub-
stantial bodies known as agteroids in the solar system, more or less
concentrated in the region between the orbits of Mars and Jupiter.
It is possible that these chunks of material may be the shattered re-
mains of one or more planets.

Most of the asteroids have dimensions of some miles, but quite a few
are as much as 100 miles across. The largest, Ceres, is nearly 500 miles
in mean diameter.

Some asteroids come within a few million miles of the earth from
time to time.

F. COMETS

Comets are very loose collections of orbital material that sweep into
the inner regions of the solar system from space far beyond the orbit

*Urey H C The Planets, Their Origin and Development. Yale University Press, New
Haven, bonn., 1952.
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of Pluto. Some return periodically; some never do. Their bodies
consist of rarefied gases and dust, and their heads are thought to be
frozen gases or "ices."

0. METEORITES

The Earth receives a large quantity of material from surrounding
space in the form of meteoritic particles. Most of these are decom-
posed in the upper atmosphere, but some reach the Earth's surface.

These particles enter the Earths' atmosphere with velocities of 7 to
50 miles per second, producing visible light streaks called meteor&.
Estimates of numbers, sizes, and speeds of incoming meteorites are
based in part on optical observation of meteors, and in part on radio-
wave reflections from the ionization trails left by meteorites. Data
about smaller particles are deduced from other effects, such as sky
glow at twilight.

Estimates, based on various assumptions, of the total volume of
incoming meteoritic material range from 25 to 1 million tons per day.
A very recent estimate made by the Harvard Observatory favors a
value of 2,000 tons per day.9 Soviet scientists announced in August
1958 that their satellite data indicated an estimate of 800,000 to
1 million tons per day.1

The vast range of variability in these estimates is due in part to
uncertainties in densities of meteoritic material, experimental inade-
quacies, and incomplete theoretical basis for interpreting observa-
tions.

The information concerning meteoritic input to the Earth's atmos-
phere is very uncertain. The meteoritic content of other space regions
is largely an open question, pending direct experimentation with space
vehicles.

H. MICROMETEORITES AND DUST

The smallest dust particles called micrometeorites are concentrated
for the most part in the ecliptic, the plane of the Earth's orbit, and
since they originate as cometary refuse they may also be found dis-
tributed along the orbits of comets."

Evidence that cosmic dust is concentrated in the plane of the ecliptic
consists of observations of a faint tapered band of light that can be
seen at twilight extending up from the horizon centered along the
ecliptic. This band of light, which can be photoelectrically traced
through the complete night sky, is called the zodiacal light.

The layer of small meteoritic particles must extend from the sun
well beyond the orbit of the earth, being concentrated toward the
ecliptic or fundamental plane of the solar system. Further, this dust
cloud must be continuously being resupplied by cometary wastage
and possibly by material from asteroid collisions. It is at the same
time being drained off by the action of solar radiation which causes
the particles to spiral in toward the Sun. It has been estimated that
in 60 million years all particles smaller than 1 millimeter in diameter,
starting nearer to the Sun than the orbit of Mars, would reach the
Sun due to this effect.

_ Whipe FIr. ,, The Meteoritic Risk to Space Vehiles. Vista@ in Astronautics. Pergason
Preek~5 . .1,1A. 1. N., Rocket and sateilite invesatlstons of Noteos Preeted at thefit
meetng of the Comltd Sp6eale de l'Auude 4dophyslque lnteruaice Meeow. AX!ust
1958. Nazarova has very recently revised the estimate of meteor influx downward by •
factor of about 1000."32 Beard D. , Interplanetary Dust Distribution and Uroeson Wifecta, Amerlen Astm.
nautical eocei, Preprint No. 28--8, August 18-19. 1958.
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I. RADIATION AND FIRMS

At the surface of the Earth, man and his machines are sheltered by
the atmosphere from many radiations that exist in space. These radia-
tions include X-rays, steady ultraviolet radiation, and cosmic rays.

At times of solar flares there may be great quantities of radiation
less energetic than cosmic rays, in addition to the particles now known
to be trapped in the geomagnetic field.

Cosmic radiation is a general term for high-speed particles from
space. About 80 percent are protons, which are nuclei of hydrogen
atoms carrying a unit positive charge, with the remainder distributed
among a number of other subatomic particles.

Corpuscular cosmic rays, although "hard" or highly energetic radia-
tion, are not so numerous as other corpuscular radiations within the
solar system. The Explorer IGY satellites observed an encircling
belt of high-energ radiation extending upward from a height of a few
hundred miles. This belt ranges from at least 650 north to about 650
south latitude, although the radiation is most intense in the equatorial
region.

Explorer IV data indicate that radiation intensity increases by a
facior of several thousand between 180 and 975 miles, with a rapid
rise beginning at about 240 miles. The level of radiation may reach
as much as 10 roentgens per hour-enough to deliver an average lethal
dose in 2 days to an unshielded human being.

Results from Sputnik 111, which did not travel quite so far out in
space but went to higher northern and southern latitudes, seem roughly
compatible with the Explorer results. Tentative data from Pioneer
indicate a rapid decay of radiation intensity with increasing distance
beyond about 17,000 miles from the Earth.

Since the Earth's magnetic field, which stores and traps the particles
comprising the radiation belt, decreases in strength with increasing
distance from the Earth, it ultimately becomes too weak to store a
significant amount of radiation.

Trapping of electrons or protons in the Earth's magnetic field is not
expected to be of importance in very high latitudes, and, therefore, the
radiation hazard will be much less near the poles than in the lower-
altitude radiation belt.

The apparent dose rate at altitudes between about 300 and 400 miles
lies within the accepted AEC steady-state tolerance level for human
beings of 300 milliroentgens per week (1.79 milliroentgens per hour).
Therefore, this radiation belt does not interdict low-altitude manned
satellites. It does imply that manned satellites orbiting at altitudes
greater than 300 to 400 miles would require some shielding, the weight
of shielding increasing up to the greatest altitude for which we have
fairly firm information (roughly 1,200 miles). Beyond this altitude,
the radiation levels are uncertain, but it is expected that at some alti-
tude a maximum must be reached after which the dosage rates should
diminish.

Depending upon the extent of the equatorial radiation belt, manned
space flights could use the technique of leaving or returning to the
Earth via the polar regions, or could penetrate directly through the
radiation belt with adequate shielding to protect human beings during
the transit.


